Introduction
In previous papers we have reported studies on volumetric [1, 2, 3] and acoustic properties [4] of binary mixtures containing difuryl methane (DFM) and (C 1 -C 6 ) n-alkanols at various temperatures. These investigations provided a deep insight with respect to understanding of the DFM / (C 1 -C 6 ) nalkanols intermolecular interactions and revealed significant deviation from ideal behavior which was attributed to chemical and structural interaction effects. The present investigations are focused on the study of intermolecular interactions in binary systems containing DFM with Nmethylformamide (NMF), N-ethylformamide (NEF), N,Ndimethylformamide (DMF) and N,N -dimethylacetamide (DMA) over the entire composition range at (T =293.15, 298.15 and 303.15) K and atmospheric pressure. DFM is an aprotic dipolar substance whose liquid structure is determined by the dipole-dipole interactions [1] [2] [3] and has the potential for use in solvent extraction processes for separating polar organic substances from aqueous media. On the other hand secondary amides (NMF and NEF) are strongly self-associated through hydrogen bonding and dipole-dipole interactions (NMF, µ = 3.86D; NEF, µ = 3.80D at 298.15K) [5] [6] [7] [8] [9] . This association is reported to decrease with the size of alkyl group in the amide molecule [6, 10] . DMF and DMA lack any significant liquid structural effects due to the absence of hydrogen bonding. However, DMF and DMA possess strong electron pair donating and accepting abilities due to the presence of large dipoles in their structure (DMF, µ = 3.86; DMA, µ = 3.72D at 298.15K) [6] . Thus significant intermolecular interactions between unlike components in binary mixtures of DFM with NMF or NEF or DMF or DMA would be expected to occur. A survey of the literature has revealed no study on the volumetric behavior of these binary systems. Therefore the present investigation was expected to reveal data on the intermolecular interactions in (DFM + an amide) binary systems.
In the present study we report densities ρ, of (DFM + NMF or NEF or DMF or DMA) binary mixtures at (T = 293. 15 ,∞ ) provided a better understanding of the intermolecular interactions existing between the various species in each of (DFM + NMF or NEF or DMF or DMA) binary mixtures.
Experimental

Materials
The following chemicals were used: n-hexane (Merck Co., ≥ 98.0%), NMF, (Sigma-Aldrich chemicals, 99.0%), NEF (Fluka, analytical reagent 99.0%), DMA, (Sigma-Aldrich chemicals, 99.0%), DMF, (BDH chemicals, analytical reagent, 99.5%). All amides used in the present study (NMF, NEF, DMA and DMF) were analytical reagents of good quality as reflected by the measured density in comparison to the corresponding ρ -literature data (Table 1) . Before use, each of the amides was stored over 0.40 nm molecular sieves for 74 h to remove water content, as much as possible. DFM was prepared as described elsewhere [20] and its purity was confirmed by 1 H-NMR, density measurements and elemental analysis. All purified organic liquids were stored in brown glass bottles. The conductivity of ultrapure water used to calibrate the densimeter was always less than 1.0x10 -6 S-cm -1 .
Apparatus and Procedure
Each one of the (DFM + NMF or NEF or DMF or DMA) binary mixtures was prepared by weighing appropriate amounts of purified DFM and the corresponding co-solvent (amide) on an analytical balance (∆m = +0.0001 g), by syringing each component into a teflon stoppered flask. Pure components were first separately degassed in an ultrasonic bath shortly before sample preparations. All (DFM + NMF or NEF or DMF or DMA) binary mixtures were completely miscible over the entire composition range. The average uncertainty in solution composition expressed in mole fraction was found to be less than 8.5x10 -4 . Density measurements were performed at atmospheric pressure with an Anton Paar DMA 4500 vibrating-tube densimeter at the experimental temperature. The densimeter was first calibrated with pure water and benzene as reference liquids. A sample volume of not more than 1.0 cm 3 was needed to fill the densimeter cell and thermal equilibrium was attained quickly. The temperature of the sample was controlled electrically by means of a built-in thermostat (a semiconductor Peltier element and a resistance thermometer temperature control system) and was measured with an accuracy of ± 0.01 K. The densimeter was calibrated after each set of four sample measurements to offset possible instrument drift. A linear relation between the density of the fluid and the square of the vibrating period τ, (ρ = A + Bτ 2 ), was assumed. Buoyancy corrections were made by taking into account the air density at each of the three temperatures, the barometric pressure, and the relative humidity. Under such conditions triplet density measurements of each sample were reproducible to within ± 0.01 kg-m -3 . The reliability of experimental measurements of density was ascertained by comparing the experimental data of pure liquids with the corresponding literature values at the studied temperatures.
Results and Discussion
Excess Molar Volumes
Excess molar volumes, , were calculated for each of (DFM + NMF or NEF or DMF or DMA) binary systems from density measurements using equation (1):
where M is the molar mass of the mixture, which is the mole fraction weighted adduct of the molar masses of the two pure components in each binary mixture, i.e.
is the ideal molar volume, ρ is the density of the mixture, and x i , M i and ρ i are respectively the mole fraction, the molar mass and the density of the pure liquid component i. The experimental values of each of the (DFM + NMF or NEF or DMF or DMA) binary systems (Table 2) were leastsquares fitted to the Redlich-Kister polynomial equation [21] :
where n is the order of the polynomial, x 1 is the mole fraction of the amide and x 2 is the mole fraction of DFM. For each binary system at a specified temperature, the degree of the polynomial and the number of A k coefficients in Equation (2) were fixed by testing the statistical significance of including each further term using an F-test at a 99.5 % confidence level. The optimized number of regression coefficients A k for each of the four binary systems are listed in Table 4 along with the corresponding standard deviation σ ( ), defined by Equation (3):
where N is the number of data points and n represents number of regression coefficients. Excess thermodynamic functions such as the excess molar volume , measure the extent of deviation from the ideal solution behavior. In addition, the temperature dependent measurements of in general, are of interest for a better understanding of the structural effects between unlike molecules in a binary mixture. Figure 1 Assuming the DFM-amide, dipole-dipole intermolecular interactions as the dominant effects, a possible qualitative explanation for the observed volumetric behavior is as follows starting with (DFM + NMF or NEF) binary systems. The liquid structure of the pure DFM is determined by the dipole-dipole interactions [2] . On the other hand, molecules of secondary amides are self-associated through hydrogen bonding due to the presence of a strong proton-acceptor group (C = O) and a proton-donor group (-NH) in their molecules and the dipole-dipole intermolecular interactions [6, 8, 9] . Thus the mixing of DFM with the secondary amides to form [DFM + (NMF or NEF)] binary systems would result in mutual disruption of the dipole-dipole associates in the DFM liquid structure and the hydrogen-bonded aggregates as well as the dipole-dipole interactions in pure NMF or NEF, which would contribute positively to values. On the other hand, the intermolecular associative dipole-dipole interactions between the amide molecules (NMF or NEF) and the polarized π-electron system of the furan rings in DFM would lead to closer molecular packing which would contribute to a decrease in values. From the negative experimental values observed, formation of DFM-NMF or DFM-NEF associates supersedes the positive contribution to , arising from the rupture of the liquid structures in the pure unlike components of (DFM + NMF or NEF) binary systems. The negative values thus indicate that DFM and NMF/NEF molecules are more efficiently packed in the binary mixtures than in their pure states. Spectroscopic and dielectric studies confirm the strong self-association of secondary amides through N-H····O = C hydrogen bonds which has been reported to persist even in the infinite dilute amide solutions [8, 9] . It is possible that addition of DFM to NMF or NEF may only partially disrupt the hydrogen-bonded aggregates in each of the secondary amides. The hydrogen bond density in secondary amides would be expected to decrease with increase in the alkyl chain length and the degree of hydrogen bonding in pure NMF would be greater than in NEF. As a consequence of this dilution effect on the hydrogen bond density arising from a bigger -CH 2 CH 3 group in NEF, the disruption of the hydrogen-bonds in NEF when (DFM + NEF) binary mixture is formed, a bigger proportion of NEF molecules would be released for formation of DFM: NEF, 1:1 associates. This would result in a more efficient intermolecular interaction as reflected in the more negative values for (DFM + NEF) compared to (DFM + NMF) binary system.
In pure DMF or DMA, molecules are weakly associated via non-specific van der Waal interactions and dipole-dipole interactions [6] . When each of the (DFM + DMF or DMA) binary mixture is formed, negative vs x 2 isotherms observed are attributed to strong DFM: DMF and DFM: DMA, dipole-dipole intermolecular interactions. It is also observed that the values are more negative for (DFM + DMA) than in (DFM + DMF) binary system over the entire x 2 -range. The lone-pair on the nitrogen atom in both DMF and DMA is protected by the two -CH 3 groups rendering it less accessible. However the presence of the -CH 3 group at the carbon atom of the C=O group has the effect of increasing the electron density at the oxygen atom in DMA [11] compared to the hydrogen at the same position in DMF. This effect is reflected in the greater proton affinity at the oxygen site of DMA (904.04 kJ mol -1 ) compared to that in DMF (879.02 kJ mol -1 ). [22] . Consequently, this effect may contribute to a more favorable DFM: DMA, dipole -dipole interaction, which results in more negative values for (DFM + DMA) compared to (DFM + DMF) binary system.
Another possible contribution to negative values may arise from structural effects due to the geometrical interstitial accommodation of the smaller amide component molecules (NMF = 59.09, NEF =77.12, DMF = 77.41 and DMA = 92.98 cm 3 mol -1 ) into cavities created by molecules of the larger DFM component (DFM = 135.85 cm 3 mol -1 at 298.15 K) when (DFM + NMF or NEF or DMF or DMA) binary systems are formed. This effect to a more closely packed liquid structure in the corresponding binary mixture. Geometrical effects also may result from differences in shape and molar free volumes of unlike pure components [6] . E values may suggest that an increase in temperature causes a greater dissociation effect on the amideamide or DFM-DFM self-associates than on the formation of DFM-amide complexes. As result, the equilibrium would be shifted more favorably towards the DFM-amide complex formation leading to closer molecular packing and more negative V m E values. 
Excess Partial Molar Volumes ( ! )
Differential properties such as excess partial molar volumes ( ) separate the two component contributions in the binary system and are more sensitive to changes in the aggregation schemes arising from the mixing process (4) and (5) respectively [23] :
The optimized Redlich-Kister polynomial least squares fitting correlation coefficients (Table 3) for a specific binary system at a given temperature have been used to evaluate the (∂ / ∂x 2 ) P, T function over the entire composition range. (Figure 1 ) and suggest enhancement of the DFMamide, dipole-dipole interactions and possible mutual structural effects arising from the geometrical interstitial Mixtures at 293.15K, 298.15K and 303.15 K accommodation of each component into the bulk liquid structure of second component. Therefore for each binary system, the solute-solvent interactions are stronger than the intermolecular interactions in the pure components. Table 3 shows that the negative magnitude of  values for a component in each of (DFM + NMF or NEF or DMF or DMA) binary mixtures increases with the rise in temperature as was observed for the data (Figures 2-5 ). (6) and (7) [24] respectively, (Table 4) show an increase with the rise in temperature. 
Limiting Excess
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Conclusions
In 
